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This invention in general relates to gels made from 
petroleum oil and fractions thereof and with particular 
reference to gelled hydraulic fracture ?uids. More 
speci?cally, the invention relates to gels of petroleum 
oil and fractions thereof, the gelling agent being a mix4v 
ture of alkali metal or ammonium soaps wherein at least 
about 10% comprises soaps of aliphatic acids having at 
least 20 carbons. I 

The process which has become known as hydraulic frac 
ture of oil or gas bearing subterraneanformationsj isv 
achieved by exertion of increasing quantities of pressure 
on a liquid in the well bore until ‘pressure is built up 
suf?ciently to produce what is ‘thought to: be a fracture 
of the formation. It is generally accepted that fracture 
usually occurs along a horizontal bedding plane where 
the tensile strength of the formation is usually the weak 
est, but occasionally, and particularly in nonstrati?ed for 
mations, fracture is thought to occur along a vertical 
plane. 
rate which causes the pressure (to rise until there is a 
sharp break in pressure (in theory the point of fracture) ' 
after which the pressure remains fairly constant at a 
lower level as the ?uid in theory penetrates the new 
crack. Thereafter, the pressure is relieved, and the Well 
is put into production. ‘ ' 

We are aware that the theory of hydraulic fracture 
is not universally accepted. There are those who propose 
that the ?uid jets issuing from perforations in the casing 
at the pay zone etch cuts through the blocked area imme 
diately surrounding the bore hole to the more permeable 
areas more remote from the bore. Others havev proposed 
that the hydraulic ?uid drives the water block immediately 
surrounding the hole into the more remote areas of the 
formation Without actual fracture. Regardless of theory, '5 I 
it has been observed that: the application vof ‘increasing 
pressure to a ‘hydraulic ?uid in'the well bore'results‘in 
a sharp break in pressure, after’which the pressure levels ' 

In the process, ?uid is pumped into the well at a 
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oils or: its fractions,‘ agents which tend to thicken the oil 
‘and hence decrease its ?ltrate rate and increasev ability 
to suspend small particles are ‘commonly ‘employed. 
Soaps of fatty acids and naphthenic acids are commonly 
used as gelling agents in petroleum base fracturing ?uids; 
In addition to alkali metal soaps, other fatty acid soaps 
of ammonia, metals of the alkali metal and alkaline earth 
series, or polyvalent metals such as cadmium, mercury, 
cobalt, lead, nickel and aluminum have been suggested 
as gelling agents’ for petroleum base fracturing ?uids, 
Red oil soaps, (sodium oleate) and soaps of tall oil fatty 
acids (a mixture of fatty acids with small amounts of 
rosin acids) are among the most common gelling agents 
used in hydraulic fracture operations. . Tall oil fatty 
acids are, for the purposes of this invention, considered to 
be low grade liquid fatty acids. Stearic acid has-very 
little propensity to promote gelation when neutralized in 
petroleum hydrocarbons by aqueous caustic, ; ‘ ‘ 

lt-has ‘been established that the‘release of hydraulic 
pressure after the sharp break in pressure diesnot result 
in return'of the formation to its ‘,original‘condition, but 7. 

_ rather, “the formation will exhibit substantial increase in 
* permeability. ‘However, the permeability io'ffnthe formaw 
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tion ‘maybe furtherdncreased'by the use of'oil-inerth 
small particles such asI sand, metalchips, crushed shelL} 
etc. {These particles are suspendedjin theihydraulic?uid‘ 
by virtue’ of the 'viscousvnatur‘e‘ ofjfthe gel. ‘Underthe p 
fracture theorygthey enter the formation with the ?uid; 
at'the point of fracture. When the pressure‘is released' 
and the fracturing ?uid ?ows from the formation, these" 
materials remain to prop the formation 
tent at'the' point of fracture; ' r > H 

a They gels" of gel-type fracturing ?uids must ?rst be‘ 
broken‘ or theirviscosity reduced before they may be 
easilyremoved from the formation: There are‘ several 
meansfor breaking the'gel, among which are‘ included 
the addition‘ of a gehbreakercr peptizer 'which may 
be incorporated in the: viscous fracture ?uid, said gel 
breakerbecomingeffective-after a time delay? " Water, 
for-example,- in amounts'between 1 and 3% by volume" 
becomes'effective to'breaksome fatty acid soap-‘hydro? 
carbon gels after several hours and maybe incorporated ‘ 

"in the" gel by 'emulsi?cationi Certain other-peptizing' 
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off at a substantially constant lower'level; This type: of treatment of pay zones in general, results in increased 1 " 

production of oil and/ or gas. In viewof- the fact-‘that‘i' 
the term “hydraulic fracture” has beenwidely accepted 
by those in the art to describe the foregoing process of 
well treatment, We shall employ the same terminology 
to ‘describe the process of hydraulic pressure treatment 
with the understanding that we are not limited speci?cally: 
to any particular theory. ~ 
The hydraulic ?uids which are generally used are 

miscible with the interstitial crude oil, e.g., oily liquids, 
such as crude petroleum oils, a re?ned fraction of crude ‘ 
oils, e.g., gasoline, kerosene, diesel oil, naphtha, etc., 
and much less often than the above, animal, vegetable 
and ?sh triglyceride oils. The viscosity‘ of the hydro 
carbon ?uids often is increased by the addition of other, 
compositions to the base ?uid. In the'case‘of petroleum 
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agents may be injected ‘into the fracture prior‘ to or afterf 
the vviscous hydraulic-?uid 'In‘ somej‘instanceg' the‘he‘at‘; I 
ofrth'e‘ formation alone, particularly in , deep ‘wells, is ‘r ' 

’ sufficient to ~reduce the viscosity of thegel to a point where‘ 
it may ‘be'removed by producing the well. jWater soluble " . 
airlines‘ such; as ethanolamine and; other ' similar ‘ 
meanest compounds have been suggested as-effective'}, Y 
gel '~ breakers of l soap-hydrocarbon :gels. "Other lsuitablel _ 
materials, are- ammonia, ‘alkali “ oxides" and: hydroxides; { ’ 
ands-tiling minel‘al ‘acids. {011s method of‘gelbreaking, I . 
ispthe addition of about 1% based onl'the'volume'of‘the * . w 
fracturing ?uid ofthe“ gel‘breakerliyin'a ‘suitable solvent. ' 

- such ,as gasoline which-is thenpumped into the, well fol 
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lowing the fracture liquid to reduce the. viscosity ~or break 

The "gelling agents used the industryceni; " 
prise the‘aforementioned, ‘soaps of acids'bet'ween' ,14‘and. 
18 carbons. v 

as little asp‘about 10% of fatty' acid vsoaps of aca'rbon' 
‘A chiainlleng'th of 20 or more substantially ‘increases; gel 
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3- marine oils are ‘suggested as a source for the manufacture 

viscosity for a given amount of gelling'agent'and' de-» 
creases water sensitivity of the gel. The fatty acids of a 
carbon chain length of 20 or moreare found mainly in 
?sh and. whale ‘oils. .Hence, the-"fatty acids’ of these 

apartto some ex-_, 7 

We have discovered that‘ the presenceofj; 



of the gelling agents of this invention. These fatty acids 
of a carbon chain length of 20 or more include saturated 
acids such as n-eicosanoic (arachidic), n-docosanoic (be 
henic) and n-tetracosanoic (lignoceric) acids; and un 
saturated acids such as A9,1°-eicosenoic (gadoleic), A11,” 
docosenoic (cetoleic), A13’1f-docosenoic (erusic) and 
A15'16-tetracosenoic (selacholeic) ; eicosatetraenoic (arachi 
donic), eicosapentaenoic; docosapentaenoic; docosahex 
aenoic; and tetracosahexaenoic acids. 
The ?sh fatty acids may be used per se as the gelling 

agent of the instant invention, or the ?sh fatty acids may 
be blended with fatty acids such as steanic, oleic or pal 
mitic, or mixtures thereof such as tallow fatty acids, 
vegetable oil fatty acids, tall oil fatty acids, etc., as long 
as the content of C20 and above acid soaps is maintained 
above about 10%. 

While compositions containing unsaturated acids show 
improvement in gel characteristics over the comparable 
prior art gelling agents, We prefer to hydrogenate the 
fatty acids to an iodine value between about 0 and 12-, 
preferably between '0 and 4. Hydrogenation to give a 
product comprising essentially all saturated acids has at 
least two advantages over an unhydrogenated composi~ 
tion containing appreciably more unsaturated acids. The 
saturated acids can be flaked more easily to provide 
easierhandling of [the product, and the gel produced 
by the saturated acid soaps is of a de?nitely smoother 
consistency andzhas better sand suspension qualities. 
We have further found that we can produce a gel with 

the ammonium soap of fatty acid mixture containing at 
least 10% acids of a chain length of C20 and above, which 
gel is. stable ‘under conditions of ?eld use except where 
high bole temperatures are encountered. The ammonium 
soap is prepared by addition of concentrated ammonium 
hydroxide solution or slow addition of anhydrous am 
monia to the hydrocarbon fluid containing the fatty acid 
mixture heretofore described. ’ 
.‘The gels are made by adding the fatty acids to the 

liquid to be gelled, the petroleum or triglyceride oil. 
After the fatty acids have been mixed with the liquid, 
an excess of alkali is added. While some fatty acid, mix 
tures require. 50% caustic soda to produce satisfactory 
gels in petroleum oils, the gels of the instant invention 
may be produced satisfactorily with 25% caustic soda, 
which is considerably easier to handle—particularly in 
the oil ?elds. We have discovered further that gelation 
may be achieved even more rapidly and with less excess 
alkali by using a 50/50 mixture of ammonium hydroxide 
and caustic soda. 
The ?eld. use of the invention follows the same gen 

eral pattern. The fluid to be gelled, generally ape 
trol'eum liquid hydrocarbon, containing sand or other 
inert particlesgis mixed *with about 0.5-3.0% by weight‘ 
of__the fatty acid compositions of this invention in the 
Pumper truck tanks. Upon adding and mixing- an excess 
of strong alkali, neutralization of the fatty acids oc-. 
curs-resulting in the gelation ‘of the ?uid. ,The gel; 
is then pumped into the well hole, and pressure is built 
up until ‘there is a sharp break in the pressure. 
Our invention maybe further understood from the 

following examples: 
EXAMPLE I 

Fully hydrogenated menhaden fatty acids (about 31% 
C20‘ and above acids) was mixed in varied ratios with 
rubber grade stearic acid and 10% sulfated tallow fatty 
acids. The fatty acids were added, one percent byweight, 
to._l00 cc. of kerosene, and 0.8 cc. of 25 % NaOH solu— 
tion was added with vigorous ‘agitation. The viscosity of 
each gel was measured by drawing 50‘ cc. of the‘ prepared 
gel into a 50 cc. volumetric pipette, and the time re 
quired for the liquid level to drop to the bottom of the 
pipette ‘bulb was used as a measure of viscosity. The 
following is a tabulation of results observed with-various 
mixtures:_ 
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Table I 

Percent 
Percent Hyd. Menhaden Fatty Sulfated Percent Flow Time, 

Acids Tallow Stearic Min. 
Fatty Acid 
Acids 

10 0.0 0.91 
10 16 0.89 
10 25 0.80 
10 30 0.83 
10 35 0.70 

’ 10 40 0. 68 
y 10 50 0.63 

10 60 0.58 
10 90 0.45 
0 100 0.42 

100% kerosene __________________________________________ __ 0. 41 

EXAMPLE II 

Kerosene and about one percent of fully hydrogenated 
fatty acids from each of whale oil, seal ‘oil, herring oil, 
and sardine oil were thoroughly mixed, and a slight excess 
of 25 % NaOH solution was added. After vigorous agita 
tion, a smooth, non-stringy gel was formed in each in 
stance. The gels had good sand suspension properties. 

Obviously, many modi?cations and variations of the 
invention as hereinbefore set forth may be made without 
departing from the spirit’ and scope thereof, and therefore 
only such limitations should be imposed as are indicated in 
the appended claims. 
We claim: 

_ 1.7 A gelled liquid hydrocarbon comprising a liquid 
hydrocarbon and about 05-30% by weight of .a gelling 

Y agent consisting essentially of a member from the group 
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consisting of alkalirnet'al and ammonium soaps of ali 
phatic, monocarboxylic acids of at least v14 carbons, 
at least_ 10% of said aliphatic acids having at least 20' 
carbons. ,_ y‘, _ , ‘_ . 

,42'._A gelled liquid hydrocarbon comprisinga liquid 
hydrocarbon and] about 0.5431076v by weight of a gelling 
agent consisting essentially of amember from the group 
consisting of alkali metal and‘amrnonium soaps of ali 
phatic, substantially saturated, monocarboxylic acids of 
at least 14 carbons, at least 10% of said acids having at 
least 20 carbons. ' 

3. The composition of ‘claim 71 wherein the aliphatic‘ 
acids are ‘marine oil: fatty acids. 

4. The composition of claim 2 wherein the aliphatic 
acids are hydrogenated menhaden oil fatty acids.‘ 

5. The composition of claim 2, wherein the aliphatic 
acids are hydrogenated herring oil fatty acids. I I . 

_ 6.. The composition of claim, 2 whereinthe aliphatic 
acids are hydrogenated whale oil fatty acids. 

The composition ofclaim 2 whereir the‘ aliphatic 
acids are hydrogenated sardine oil fatty acids.’ ' , a 

‘8. The composition‘ ofrrclaim, 27 wherein thealiphatic 
acids are hydrogenated seal oil fatty acids. ‘_ - v 

9.. A gelled liquidyhy'drocarlbon comprising a liquid 
hydrocarbon. and about ‘us-3.0% by weight of a gelling 
agent consistingessentiaHy of alkali metal soaps, of a 
mixture of; monocarboxylic acids, at least 10% of said 
acids being aliphatic acids- having at least 20 carbons, the 
remainder of said acids being a mixture of aliphatic acids 

- havingat least 14‘carbons. 
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10. The composition of'cla-imv 9 wherein slaid‘acids are. 
substantially saturated acids. ‘ y _ 

11. A method for improvement, of the permeability 
of arsubterranean formation to'the ?owof oil and gas‘,v 
the step which comprises: pumping a gelled liquid com 
prising a ‘liquid hydrocarbon gelled with a gelling agent 
consisting essentially of about 0.5-3.0% by weight of 
said hydrocarbon of a mixture of alkali metal and am 
monium soaps of aliphatic monocarboxylic acids hav 
ing at least l4hcarbons, at least 10% of said acids hav 
ingya chain length of at least ‘20 into the .bore‘ of a 
wellI ata rate; su?‘icient to increase the pressure of said 
liquid at least until there is a‘ sharp break in pressure.v 
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12. The method of claim 11 wherein substantially all 
of said aliphatic acids are saturated acids. 

13. A method of claim 12 wherein the aliphatic acids 
are derived from hydrogenated marine oils. 

14. A hydraulic fluid for high pressure treatment of 
oil and gas bearing formations which comprises: a gelled 
liquid hydrocarbon; oil inert solid propping materials 
suspended therein; and a gelling agent consisting es 
sentially of 0.5—3.0% by weight of said hydrocarbon of 
a member from the group consisting of alkali metal and 
ammonium soaps of a mixture of aliphatic monocar 
boxylic acids having at least 14 carbon atoms, at least 
10% of said acids having a chain length of at least 20. 
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